The Replication factor-C compex which related to cohesion, constitutes, three subunits called 12 Ctf18, Ctf8 and Dcc1. These three subunit complex assist the loading of PCNA onto the 13 chromosome. None of the replication factor C components are essential for cell viability. The 14 null mutant of the CTF8 in S.cerevisiae shows the chromosome instability and high frequency of 15 chromosome loss. The SAF1 gene product of S. cerevisiae involved in the degradation of 16 adenine deaminase factor Aah1p by SCF-E3 ligase, which itself is the part of E3 ligase. The 17 ubiquitin marked degradation of Aah1p occurs during nutrient stress which lead to cell enter into 18 the quiescent state. The N-terminus of Saf1p interacts with the Skp1 of SCF-E3 ligase and at C-19 terminus recruits with Aah1p. Here we have investigated about the binary genetic interaction 20 2 between the SAF1 and CTF8 genes. The strains containing single and double gene deletions of 21 SAF1 and CTF8 were constructed in the BY4741 genetic background. Further the mutant strains 22 were evaluated for growth fitness, genome stability and response to genotoxic stress caused 23 by hydroxyurea (HU) and methyl methane sulfonate (MMS). The saf1Δctf8Δ strain showed the 24 increased growth phenotype in comparison to saf1Δ, ctf8Δ, and WT strain on YPD medium.
62
One of the Ctf18-RFC complex components, Ctf8 was first discovered as a mutant who showed 63 the decreased chromosome transmission fidelity in mitosis in a haploid yeast strains with normal 64 sensitivity to ultraviolet and gamma-irradiation (SPENCER et al. 1990 ). The null mutant of CTF8 65 in yeast showed the severe chromosome instability and high frequency of chromosome loss. The The duplicated nuclei need to be segregated accurately in the all eukaryotic cells for precise 84 distribution of genetic material. In Saccharomyces cerevisiae, nuclear migration from mother 85 cell to daughter cell after duplication involves moving of nucleus closer to budneck then 86 insertion of elongating nucleus into the daughter cell during anaphase (COTTINGHAM and HOYT 87 1997). The migration of nucleus from mother to daughter cells depends on the action of 88 cytoplasmic microtubules (CARMINATI and STEARNS 1997). Mutations in tubulin affects the cytoplasmic microtubules which affects the nuclear migration and causes abnormal nuclear 90 division within the mother cells (HUFFAKER et al. 1988 ). The abnormal nuclear division leads 91 to accumulation of two or more nuclei within the mother cells which could lead to genome 92 instability.
93
The genetic interaction between SAF1 gene and RFC-complex member CTF8 has not been 94 investigated so far. Here, we report the binary genetic interaction between the two genes SAF1 95 and CTF8. The simultaneous deletion of both genes (SAF1 and CTF8) leads to increased growth 96 phenotype and elevated frequency of Ty1 retro-transposition. The nuclei in the double mutant 97 showed the nuclear migration defects. The double mutant also exhibited the resistance to MMS 98 and sensitivity to HU in comparison to single gene mutant or WT.
99

EXPERIMENTAL PROCEDURES
100
Yeast Strains and plasmid. The yeast strains with their genotypes and plasmids used in this 101 study are mentioned in the Table 1 and Table 2 . www.biorxiv.org) was adopted. Briefly, The growth of strains in broth was measured at 2 hrs 105 of interval for 14 hrs. The OD of three independent replicates of each culture at every time 106 point was measured and average of that was plotted against the time. Growth of the strains was 107 also compared by streaking on the YPD plates followed by incubation at 30°C for 2-3 days.
108
Phase Contrast Microscopy -To compare the morphology of WT and deletion strain, phase 109 contrast microscopy was conducted using Leica DM3000 microscope at 100X magnification.
110
Each strain was grown up to log phase in YPD medium at 30°C and imaged.
111
Spot Assay-To compare the growth fitness of WT and mutants in presence of genotoxic agents 112 such as hydroxy urea (HU) and methyl methane sulfonate (MMS) the method was followed as 113 mentioned in (Sharma et al. 2019, biorxiv achived data; doi 1101/636902, www.biorxiv.org).
114
Briefly, wild type (BY4741) and its deletion derivatives strains (saf1Δ, ctf8Δ, and saf1Δctf8Δ) 115 were grown in the 25 ml YPD (Yeast Extract 1% w/v, Peptone 2% w/v, dextrose 2% w/v) 116 medium overnight at 30°C. The next day the cultures were diluted and grown in fresh YPD 117 medium for 3-4 hrs so as to reach log phase (OD600 0.8-1.0). The cultures were equalized by 118 OD at 600nm. A ten-fold serially diluted sample (3µl) was spotted onto agar plates containing 119 (YPD and YPD + HU and MMS). The plates were incubated at 30°C for 2-3 days and imaged. The deletion of an ORF may compromise the growth fitness of the mutant depending on whether 158 the gene is essential or non-essential. The essential gene cannot be deleted however the deletion 159 of non-essential gene does not affect the growth fitness on the rich medium to a large extent.
160
Both the gene SAF1 and CTF8, the non-essential therefore the null mutant of the SAF1 and
161
CTF8 was reported to be viable (GIAEVER et al. 2002) . We wished to determine the impact of 162 deletion of both the gene together on growth fitness in rich medium. We constructed the single 163 (saf1∆, ctf8∆) and double gene deletion (saf1∆ctf8∆) in the BY4741 genetic background and 164 assessed the growth in the YPD broth and solid medium. We observed that single gene mutant 165 (saf1∆, ctf8∆) were viable. The growth of the single gene mutants (saf1∆, ctf8∆) was slightly 166 reduced in comparison to WT. In contrast, the double mutant (saf1∆ctf8∆) growth was observed 167 better than the WT (Figure 1 A, C) . reduces the dNTP pool in the cell. The mechanism involves the inhibition of the ribonucleotide 176 reductase (RNR) activity. We wished to determine the growth response of WT and mutants (saf1∆, ctf8∆, and saf1∆ctf8∆) in the presence of 200mM HU by semi-quantitative spot analysis. 178 Previously it has been reported that ctf8∆ cells showed sensitive phenotype in presence of 179 hydroxyurea. In spot assay, WT, saf1∆, ctf8∆ appeared slightly sensitive to HU however 180 saf1∆ctf8∆ cells showed the increased sensitivity to HU when compared with the growth on 181 YPD agar medium without the HU (Figure 2A) . However the saf1∆ctf8∆ cells showed the 182 resistance phenotype in comparison to WT or single gene mutant when grown on YPD agar 183 plates containing 0.035% MMS ( Figure 2B) . Further, mechanism of DNA damage repair need 184 to be investigated in saf1∆ctf8∆ cells treated with MMS.
185
SAF1 and CTF8 together contributes to nuclear migration defects 186
The transfer of the newly replicated nuclear DNA into the daughter cells is very delicate process.
187
The DAPI stain which is very specific to the nuclear DNA allows the visualization of the DNA 188 in the form single nuclei in case of WT cells having intact DNA or the multi-nuclei which may 189 indicate the defects in the nuclear migration from mother to daughter cells. We wished to 190 investigate the status of nuclear DNA migration in saf1∆, ctf8∆, saf1∆ctf8∆ by staining of the log 191 phase culture with DAPI staining. The stained cells were visualized under the fluorescence 192 microscope using appropriate filter. We observed that WT cells showed the compact nuclei 193 (Figure 3 A) and majority of cells (80%) showed single nuclei representing budded cells, in case 194 of saf1∆ percentage of cell showing the multinuclei phenotype was increased (Figure 3 B) . 195 However ctf8∆ showed increased percentage (20%) of cells showing multi-nuclei phenotype.
196
However saf1∆ctf8∆ cells showed nuclear DNA at the bud neck junction (Figure 3A) and multi 197 nuclei phenotype in nearly 29% of the cells (Figure 3B) . The multi-nuclei phenotype indicated and saf1∆ctf8∆ cells using the previously described split HIS3 reporter assay, which allowed the 211 counting of HIS+ phototrophs formation on the SD/his-plates. Using this assay we observed that 212 WT and ctf8∆cells did not show the detectable level of His+ phototrophs formation however the 213 saf1∆ cell showed the nearly 8-10 fold increase in the Ty1 retro-transposition in comparison to 214 WT (Figure 4 A, B) , however when both the mutant combined (saf1∆ctf8∆) showed nearly 170 215 fold increase in the Ty1 retro-transposition ( Figure 4A, B) . However the mechanism of increased 216 Ty1 retro transposition needs further investigation in future.
217
Discussion
218
In this paper we have investigated the genetic interaction between the SAF1 and chromosome Leica DM3000. C. Growth Kinetics of strains (WT, saf1∆, ctf8∆, saf1∆ctf8∆) . Cells were were acquired at the 100X magnification using Leica DM3000 fluorescent microscope. B Table   382 showing the percentage from the count of 200 cell as, 0, 1, 2 and multi-nucleus in each strains, 383 more than two nuclei indicate the nuclear migration defect.. 
